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Background: S-Detect is a computer-assisted, artificial intelligence-based

system of image analysis that has been integrated into the software of

ultrasound (US) equipment and has the capacity to independently

differentiate between benign and malignant focal breast lesions. Since the

revision and upgrade in both the breast imaging-reporting and data system (BI-

RADS) US lexicon and the S-Detect software in 2013, evidence that supports

improved accuracy and specificity of radiologists’ assessment of breast lesions

has accumulated. However, such assessment using S-Detect technology to

distinguish malignant from breast lesions with a diameter no greater than 2 cm

requires further investigation.

Methods: The US images of focal breast lesions from 295 patients in our

hospital from January 2019 to June 2022 were collected. The BI-RADS data

were evaluated by the embedded program and as manually modified prior to

the determination of a pathological diagnosis. The receiver operator

characteristic (ROC) curves were constructed to compare the diagnostic

accuracy between the assessments of the conventional US images, the S-

Detect classification, and the combination of the two.

Results: There were 326 lesions identified in 295 patients, of which

pathological confirmation demonstrated that 239 were benign and 87 were

malignant. The sensitivity, specificity, and accuracy of the conventional imaging

group were 75.86%, 93.31%, and 88.65%. The sensitivity, specificity, and

accuracy of the S-Detect classification group were 87.36%, 88.28%, and

88.04%, respectively. The assessment of the amended combination of S-

Detect with US image analysis (Co-Detect group) was improved with a

sensitivity, specificity, and accuracy of 90.80%, 94.56%, and 93.56%,

respectively. The diagnostic accuracy of the conventional US group, the

S-Detect group, and the Co-Detect group using area under curves was 0.85,

0.88 and 0.93, respectively. The Co-Detect group had a better diagnostic

efficiency compared with the conventional US group (Z = 3.882, p = 0.0001)
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and the S-Detect group (Z = 3.861, p = 0.0001). There was no significant

difference in distinguishing benign from malignant small breast lesions when

comparing conventional US and S-Detect techniques.

Conclusions: The addition of S-Detect technology to conventional US imaging

provided a novel and feasible method to differentiate benign from malignant

small breast nodules.
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Introduction
Breast cancer is the most diagnosed cancer and the leading

cause of cancer mortality in women worldwide. Despite significant

advances in screening, imaging, and surgical and adjunctive

treatment, the management of breast cancer exacts a costly and

psychological toll (1). Recently, breast cancer has become the most

frequently diagnosed cancer in Chinese women (30.4 cases per

100,000; estimated incidence rate of 17.1%) (2). Ultrasound (US)

examination is a valuable and commonly used technology for breast

screening that has numerous advantages including relatively low

cost, real-time imaging, no radiation exposure, millimeter-level

resolution, and the opportunity for interventional applications.

US evaluation is principally utilized to characterize two-

dimensional lesion morphology, but can be extended to use

elastography or acoustic radiation force impulse imaging (ARFI)

to assess tissue stiffness, and three-dimensional US (3D-US) can

yield more detailed imaging. As part of the breast cancer screening

armamentarium, US has contributed to earlier diagnosis, which

facilitates more conservative and more effective treatment with

commensurate improved patient outcomes (2, 3). Tumor stage is

a critical component of patient survival, as illustrated by the 10-year

overall (OA) survival rate of 81%–93% in patients with breast

cancers measuring ≤2 cm, compared to the OA rate of 60%–70%

with cancers >2 cm (4, 5). Small breast nodules can have

considerable variability in the shape, margin appearance, and

echo pattern by conventional B-mode US that causes difficulty in

distinguishing benign frommalignant lesions (6, 7). Breast imaging-

reporting and data system (BI-RADS) is the standard US lexicon

aimed at standardizing image interpretation, reporting, and

teaching breast imaging. S-Detect is a computer-assisted

embedded diagnostic software program based on a deep-learning

algorithm (without image postprocessing and therefore not

influenced by human bias) that automatically analyzes the inner

constructions, refracted echoes, interfaced regions, morphological

manifestations, and other parameters of the specific breast nodule

(8, 9). Hence, the intention of the present study was to investigate
02
the statistical performance of conventional US, S-Detect technology,

and the two techniques in combination (Co-Detect) in

distinguishing benign from malignant small breast nodules (≤2

cm) as confirmed histologically.
Materials and methods

Study design

The study was carried out in accordance with The Code of

Ethics of the World Medical Association (Declaration of

Helsinki). Institutional review board approval and informed

patient consent were obtained for this prospective study.

Permission was obtained from the hospital for patient medical

records review.

Between January 2019 and June 2022, 326 nodules (size

range: 0.30–2.00 cm; mean, 1.19 cm ± 0.43 SD) were detected in

295 women (age range: 18–90 years; mean, 45.40 years ± 11.40

SD) from the Department of Ultrasound or the Department of

Thyroid and Breast Surgery in the First People’s Hospital of

Yichang city. Indicators for breast US and BI-RADS included the

following: (1) a palpable lesion with a diameter ≤ 2 cm, (2) lesion

tissue obtained by biopsy or conventional surgical excision, and

(3) a definite pathological diagnosis. Exclusion criteria were as

follows: (1) anamnesis and prior breast tissue biopsy or surgery,

and (2) pregnant or breast-feeding patient.
Instruments and strategies

The US machine used was a type RS80A (Samsung)

equipped with an L2-12A ultrasonic probe (5–13 MHz). The

patient was positioned supine, the appropriate breast was fully

inspected, and multi-slice and stereo scans from each quadrant

were obtained. An independent experienced US radiologist/

operator conducted the sonography, measured the maximal

diameter of the index lesion(s), and assessed the adjacent
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tissue relationship of each lesion. Records of the size,

morphology, orientation, inner-echo density, calcification(s),

blood flow, homolateral lymph node metastases, and key

sonographic features were kept. Then, US scan mode was

switched to freeze and the built-in S-Detect mode was

initiated. From the US BI-RADS classification, the lesions were

separated into six categories (0–5), with Category 4 further

subdivided into 4A–C. Ultimately, for each US group

(conventional, S-Detect, and Co-Detect), the lesion was

diagnosed as either benign or malignant.
Criteria of US image diagnoses

In the conventional US group, the two-dimensional gray-scale

images were evaluated according to the BI-RADS lexicon, in which

certain sonographic characteristics were suspicious for malignancy:

irregular shape and edge, nonparallel expansion and growth, signal

attenuation posteriorly, and microcalcifications. In the scoring

system, lesions with one of the above characteristics were

classified as 4a; lesions with two characteristics were classified as

4b, and lesions with ≥3 features were classified as 4c (10–12). Scores

of ≤4a were considered benign and scores of ≥4b were considered

malignant. The S-Detect group diagnoses were assigned according

to the pre-programmed definitions: Category 3 (probably benign,

98%); Category 4 [suspicious, 2%–95%; Category 4A (low

suspicion, >2%–10%), Category 4B (moderate suspicion, >10%–

50%), and Category 4C (high suspicion, >50%–95%)]; and Category

5 (highly suggestive, >95%). For the Co-Detect group, the

conventional B-mode scan and S-Detect method were

synchronized and the final scores reflected modification of the

2D-US score according to whether the S-Direct was assigned to

“Malignant” or “Benign” as illustrated in the table below. (For

example, if the 2D-US score was 3 and the S-Detect assignment was

“Malignant”, the final score was changed to 4a. If the S-Detect

assignment was “Benign”, the score would remain a 3. Similarly, if

the 2D-US score was 4b, but the S-Detect assignment was

“Malignant”, the score would be upgraded to 4c, whereas if the S-

Detect was “Benign”, the score would be downgraded to 4a.)

2D-US
BI-RADS
score

S-Detect assignment

Malignant Benign

3 4a 3

4a 4b 3

4b 4c 4a

4c 5 4b

5 5 4c
Frontiers in Oncology
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Results acquired as followed: Scores <4b (benign), scores

≥4b (malignant).

The gray-scale two-dimensional US images of each lesion

were performed and re-evaluated by two independently

experienced radiologists (with more than 10 years’ working

experiences), under blinded conditions. An associate or chief

physician was consulted if the diagnosis was not consistent, and

a final co-diagnosis was achieved to minimize personal biases.
Statistical analysis

Statistical analysis was performed through SPSS 22.0.

Pathological diagnosis was regarded as the gold standard.

MedCalc software was conducted to simulate the receiver

operating characteristic (ROC) curve, and the area under

curve (AUC) values of each curve was calculated. Z-test values

were used to assess the differentiation of AUC values between

groups (p < 0.05 means a significant difference).
Results

Pathological results

Of the 326 nodules, 87 were malignant (76 infiltrative ductal

carcinoma, 6 intraductal carcinoma, 3 papillocarcinomas, and 1

Paget’s disease) and 239 were benign (106 fibroadenosis with

fibroadenoma, 66 fibroadenosis, 38 fibroadenomas, 7 sclerosing

adenosis, 11 intraductal papillomas, 5 granulomatous lobulitis, 5

fibrocystic diseases, and 1 adenomyoepithelioma) (Table 1).
Diagnostic results of conventional US, S-
detect, and co-detect groups

Diagnoses of the conventional US group included 244

benign and 82 malignant nodules with sensitivity, specificity,

and accuracy values of 75.86%, 93.31%, and 88.65%, respectively

(Figure 1). The S-Detect system assigned 222 benign and 104

malignant lesions with sensitivity, specificity, and accuracy

values of 87.36%, 88.28%, and 88.04%, respectively. The Co-

Detect group had diagnoses of 234 benign and 82 malignant

nodules with improved sensitivity, specificity, and accuracy

values of 90.80%, 94.56%, and 93.56%, respectively.

Representative sonographic images and corresponding

histology pictures are shown in Figures 2–5. Correlation of

pathological results and BI-RADS scores initially and in the

Co-Detect group is depicted in Table 1, and diagnostic results

with statistical comparisons are shown in Tables 2, 3.
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ROCs and AUC results of
different methods

The Co-Detect group had better diagnostic efficiency with a

higher AUC value than the conventional and S-Detect groups

(Co-Detect vs. conventional US, Z = 3.882, p = 0.0001; Co-Detect

vs. S-Detect, Z = 3.861, p = 0.0001), whereas there was no

significant difference between the conventional US and S-detect

group regarding diagnostic efficiency (Z = 1.294, p = 0.1956); the

AUC values of the conventional US, S-Detect, and Co-Detect

groups were 0.85, 0.88 and 0.93, respectively (Figure 1).
Discussion

Although ultrasonography is a commonly used technique to

help differentiate benign and malignant breast nodules, not until

BI-RADS was introduced by the American College of Radiology

was there a standardized terminology to describe the

characteristics and final assessment categories of breast lesions

(13, 14). Nevertheless, the inevitable overlap of benign and

suspicious characteristics together with inexperienced

sonographers can still compromise the accuracy of US

diagnostic accuracy (15). The S-Detect computer-assisted

algorithm, based on AI and neural networks, “learning” on a

large amount of training data, is a built-in program on US

machines and, independent of human input, analyzes the

morphological characteristics of the breast nodule according to

the BI-RADS lexicon. Ultimately, it provides a dichotomous

evaluation: “possibly benign” or “possibly malignant” (16, 17). In

the present study, only small breast nodules (diameter ≤2 cm)

were enrolled. According to the BI-RADS standard, the
Frontiers in Oncology 04
sensitivity, specificity, and accuracy of the diagnosis of

malignant nodules were 75.86%, 93.31%, and 88.65%,

respectively. Of the 87 malignant nodules, 19 were scored BI-

RADS 4a: 10 nodules with a blurred edge and 9 nodules with an

irregular shape; these lesions had only a single feature suspicious

for malignancy (irregular shape and edges; non-parallel

expansion and growth, signal attenuation posteriorly, and

microcalcifications) and, therefore, scored as BI-RADS 4a. Of

the 239 benign nodules, 14 had a BI-RADS 4b score and 2 had a
FIGURE 1

Receiver operating characteristic curve (ROC) and area under
curve (AUC) values of the conventional US group, the S-Detect
group, and the Co-Detect group.
TABLE 1 Pathological results and BI-RADS scores of lesions detected.

Pathological type No. BI-RADS scores BI-RADS Post-adjustment (Co-Detect group)

3 4a 4b 4c 5 3 4a 4b 4c 5

Benign 239 70 153 14 2 0 200 22 10 5 2

Fibroadenosis with fibroadenoma 106 28 74 4 0 0 94 7 3 2 0

Fibroadenosis 66 19 43 4 0 0 53 8 5 0 0

Fibroadenoma 38 14 23 1 0 0 35 3 0 0 0

Sclerosing adenosis 11 3 5 2 1 0 6 1 1 2 1

Intraductal papilloma 7 2 5 0 0 0 6 1 0 0 0

Granulomatous lobulitis 5 0 3 2 0 0 2 1 1 1 0

Fibrocystic mammary disease 5 4 0 1 0 0 4 1 0 0 0

Adenomyoepithelial adenosis (adenomyoepithelioma) 1 0 0 0 1 0 0 0 0 0 1

Malignant 87 2 19 33 29 4 8 0 14 33 32

Infiltrative ductal carcinoma 76 0 16 28 28 4 5 0 12 28 31

Intraductal carcinoma in situ 6 1 1 4 0 0 1 0 1 4 0

Papillocarcinoma 3 1 0 1 1 0 0 0 1 1 1

Paget’s disease 1 0 1 0 0 0 1 0 0 0 0
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BI-RADS 4c score; these BI-RADS classifications mismatched

with pathological results. These misdiagnoses may be attributed

to small size (diameter ≤1 cm, contour and inaccurate

microcalcification programming observed), atypical echo

features, and uncomprehensive morphological manifestations

(irregular-shaped, parallel or unparallel orientation, micro-

lobulated and irregular margins, and complex echogenicity in

mass) that could be found in both benign and malignant lesions.

Several studies have confirmed that S-Detect technology

improves the diagnostic accuracy of breast nodules (18, 19).

However, there are very few studies focused on small breast

nodules, especially with a maximum diameter limited to 2 cm.

Briefly, in the present study, of 326 lesions in 295 patients, 87

were proven malignant and 239 were benign. The S-Detect

group suggested 104 malignant and 222 benign nodules; 39

were misdiagnosed histologically. The sensitivity, specificity, and

accuracy values of the S-Detect group were 87.36%, 88.28% and

88.04%, respectively. Of 11 malignancies misdiagnosed as

benign, 5 were smaller than 1 cm with clear boundaries, and 1

nodule had inner microcalcification. Possible reasons for the

misdiagnoses may be related to a size too small to automatically

analyze, and the known limitation of the S-Detect technology is

that it cannot analyze microcalcification within nodules

(Figures 4A, B). Some microcalcification overlooked by S-

Detect can easily be identified by senior radiologists, and the

diagnosis was amended to reflect this finding. There were 28

nodules misdiagnosed as malignant: 10 with fibroadenosis and

fibroadenoma, 9 with only fibroadenosis, 5 with intraductal

papillomas, 2 cases of granulomatous lobular mastitis, 1 case

of an adenomyoepithelioma, and 1 with sclerosing adenosis. In
Frontiers in Oncology 05
this study, we used a multipurpose ultrasonic probe (L2-12A, 5–

13 MHz) to extend usage latitude. The possible reason for these

inaccuracies may be related to the location and depth of masses;

ultrasonic frequency is negatively correlated with detection

range and imaging resolution (20, 21). In some cases, the

increased divergence of interpretations of mammary gland

images (5 cases were declared malignant in the S-Detect

group) and shape irregularity (19 cases) was considered a

higher risk in the S-Detect group (micro-lobulated, angular,

and showing other suspicious marginal changes) that caused the

S-Detect program to errantly define the borders of the nodule,

potentially misrepresenting the edge of the nodules, which

resulted in misdiagnosis as malignant (Figure 5).

In the Co-Detect group, S-Detect technology was used to

adjust the BI-RADS scores assigned by conventional US.

Markedly important, of 92 malignant and 234 benign nodules,

86.63% (149 nodules) of the 172 nodules with a BI-RADS 4a

score by conventional US were downgraded to a BI-RADS 3

score due to the benign assignment by S-Detect. As a result, the

clinical management of these patients changed from biopsy to

clinical follow-up. Eventually, 95.97% (143 of 149) were

confirmed as benign pathologically; groups of patients who

had the same strategy of a corrected BI-RADS category may

be able to avoid biopsy, thus avoiding unnecessary surgery and

reducing costs. Although few in number, of concern were the 6

of 149 (4.03%) that were confirmed as malignant during follow

up. Correctly downgraded from BI-RADS 4b to 4a were 9 of 77

(19.15%) nodules that were confirmed benign pathologically.

Additionally, 38 nodules with a 4b score were upgraded to class

4c and subsequently confirmed as malignant. Clearly, although

not perfect, both upgrade and downgrade score adjustments
FIGURE 3

Fibroadenosis with fibroadenoma formation from a 35-year-old
patient (BI-RADS 4a). A hypoechoic nodule (1.09 × 0.82 cm) was
found at the 3 o’clock point of her left breast; ultrasound graphic
showed glossy edge, irregular shape, partly angulated, and
nonuniform internal echo (A). S-Detect artificial intelligence
recommendation was “possibly malignant” and the BI-RADS
score receded from 4a to 4b (B). Pathologically confirmed as
breast fibroadenosis with fibroadenoma formation (C).
FIGURE 2

Non-specific invasive carcinoma from a 69-year-old patient (BI-
RADS 4a). A hypoechoic nodule (0.57 × 0.51 cm) was found at
the 2 o’clock point of her left breast; the ultrasound graphic
showed an uneven edge, irregular shape, and uniform echo (A).
S-Detect artificial intelligence recommendation was “possibly
malignant” and the BI-RADS score receded from 4a to 4b (B).
Pathologically confirmed as breast non-specific invasive
carcinoma (C).
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prompted by S-Detect improved the diagnostic accuracy of two-

dimensional ultrasonography.

The Co-Detect group had impressive success in differentiating

benign and malignant nodules with sensitivity, specificity, and

accuracy values of 90.80%, 94.56%, and 93.56%, respectively.

However, notably, there were 21 misdiagnoses: 8 pathologically

malignant nodules were misdiagnosed as benign, including 5

infiltrating ductal carcinomas, 2 intraductal carcinomas, and 1

papillary carcinoma. The possible reasons for these “misses”

might be attributed to an inappropriate BI-RADS 4a score in

the traditional US group and unmatched BI-RADS 3 score in the

Co-Detect group, optimistically regarded as advanced in the S-

Detect group, with four of the nodules being quite small, <1 cm,

edge sophisticated, irregular, with no circumscribed shape,

irregular with angular margins, or lobulated. There were 13

benign nodules misdiagnosed as malignant, namely, 4 cases of

fibroadenosis with fibroadenoma, 4 cases of intraductal

papillomas, 2 cases of granulomatous mastitis, 2 cases of
Frontiers in Oncology 06
fibroadenoma, and 1 case of adenomyoepithelioma. Several of

these had concerning characteristics based on the conventional US

including serrated edge, shape irregularity, consistent echo, and

parallel growth, which may cause incorrect BI-RADS 4a score in

conventional US, incorrect classification in S-Detect, and incorrect

diagnosis as BI-RADS 4b in the Co-Detect group (as malignant

lesions). The AUC of the Co-Detect group relative to diagnostic

efficiency was significantly higher than conventional US and S-

Detect by statistical analysis (Z = 3.882, p = 0.0001; Z = 3.861, p

= 0.0001).

Although we concluded that S-Detect clearly had definite

clinical value for the diagnosis of small breast nodules, there

were still some limitations. Specifically, S-Detect cannot identify

microcalcifications within nodules, an important indicator

suspicious for malignancy, whereas experienced radiologists

could identify these ambiguities. S-Detect automatic nodule

identification, particularly if small or if the edges are indistinct,
TABLE 2 Ultrasonic diagnosis of different detected methods.

Pathological results

Method Malignant Benign Total
(n= 87) (n= 239)

Conventional US Malignant 66 16 82

Benign 21 223 244

S-Detect Malignant 76 28 104

Benign 11 211 222

Co-Detect Malignant 79 13 92

Benign 8 226 234
frontiersin.or
FIGURE 4

Non-specific invasive carcinoma from a 49-year-old patient (BI-
RADS 4b). A hypoechoic nodule (0.86 × 0.68 cm) was found at
the 10 o’clock point of her right breast with smooth and irregular
edges; the inner echoes detected with nonuniform distribution
came with spotted hyper-echoes (A). The S-Detect suggestion
was “possibly benign”; the BI-RADS classification was adjusted
from 4b to 4a (B). Pathological results are showed in (C) (HE,
×100). S-Detect gave a misdiagnosis due to the misrecognized
microcalcifications that were found through operators.
FIGURE 5

Intraductal papilloma from a 54-year-old patient (BI-RADS 4a). A
hypoechoic nodule (1.12 × 0.65 cm) was detected at the 10
o’clock point of her right breast with smooth and irregular/
regular edges (S-Detect technology failed to draw the outline of
this nodule), nonuniform distribution with some spotted hyper-
echoes (A). The S-Detect suggestion was “possibly malignant”
and BI-RADS score declined from 4a to 4b (B). Pathology result
was intraductal papilloma shown in the picture (HE, ×100) (C).
Inaccurate boundary layer distributed inappropriate malignant.
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might cause inappropriate classification; the addition of blood

flow information, elastography, and other parameters could

further enhance diagnostic characterization (22, 23). The

present study demonstrated that S-Detect technology could

provide accurate analysis, avoiding subjective physician bias.

The combination of S-Detect and conventional ultrasonography

could amplify the advantages of both, improving diagnostic

efficiency, increasing diagnostic confidence, and significantly

reducing the frequency of misdiagnosis. Furthermore, this

feasible strategy for the evaluation of focal breast lesions we

had conducted was applied to a single-center study; it should be

further certified using a multi-center study, and the ability to

reduce the margin of experience, which varies from resident

doctors to top doctors, should be evaluated.
Conclusions

In conclusion, there was an unequivocal improvement in

diagnostic accuracy of small breast nodules with the

incorporation of S-Detect; its use in conjunction with

conventional ultrasonography can be confidently recommended.
Data availability statement

The raw data supporting the conclusions of this article will

be made available by the authors, without undue reservation.
Ethics statement

Written informed consent was obtained from the individual(s)

for the publication of any potentially identifiable images or data

included in this article.
Frontiers in Oncology 07
Author contributions

(I) Conception and design: BX, XC, DW; (II) Administrative

support: YW, Y-KL; (III) Provision of study materials or

patients: BX, XC; (IV) Collection and assembly of data: BX,

SL; (V) Data analysis and interpretation: BX, XC. All authors

contributed to the article and approved the submitted version.
Funding

This work was supported by grants from the Yichang City’s

Medical and Health Research Project (No. A21-2-029), the

Scientific Research Program of Education Department of

Hubei Province (No. B2022030), and the Innovation and

Cultivation Fund of the Sixth Medical Center of PLA General

Hospital (No. CXPY202005 to DW).
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
References
1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
cancer statistics 2020: GLOBOCANestimates of incidence andmortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin (2021) 71(3):209–49. doi: 10.3322/caac.21660
2. Cao M, Li H, Sun D, Chen W. Cancer burden of major cancers in China:
A need for sustainable actions. Cancer Commun (Lond) (2020) 40
(5):205–10. doi: 10.1002/cac2.12025
TABLE 3 Efficacy comparison of different methods in diagnosis.

Method Sensitivity (%) Specificity (%) Accuracy (%) Positive predictive value (%) Negative predictive value (%)

Conventional US 75.86 (66/87) 93.31 (223/239) 88.65 (289/326) 80.49 (66/82) 91.39 (223/244)

S-Detect 87.36 (76/87) 88.28 (211/239) 88.04 (287/326) 73.08 (76/104) 98.05 (211/222)

Co-Detect 90.80 (79/87) 94.56 (226/239) 93.56 (305/326) 85.87 (79/92) 96.58 (226/234)
frontiersin.org

https://doi.org/10.3322/caac.21660
https://doi.org/10.1002/cac2.12025
https://doi.org/10.3389/fonc.2022.1030624
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Xing et al. 10.3389/fonc.2022.1030624
3. Liu MJ, Men YM, Zhang YL, Zhang YX, Liu H. Improvement of diagnostic
efficiency in distinguishing the benign and malignant thyroid nodules via
conventional ultrasound combined with ultrasound contrast and elastography.
Oncol Lett (2017) 14(1):867–71. doi: 10.3892/ol.2017.6245

4. Fitzgibbons PL, Page DL, Weaver D, Thor AD, Allred DC, Clark GM, et al.
Prognostic factors in breast cancer. Arch Pathol Lab Med (2000) 124(7):966–78.
doi: 10.5858/2000-124-0966-PFIBC

5. Narod SA. Age of diagnosis, tumor size, and survival after breast cancer:
implications for mammographic screening. Breast Cancer Res Treat (2011) 128
(1):259–66. doi: 10.1007/s10549-010-1318-9

6. Uehiro N, Horii R, Iwase T, Tanabe M, Sakai T, Morizono H, et al. Validation
study of the UICC TNM classification of malignant tumors, seventh edition, in
breast cancer. Breast Cancer. (2014) 21(6):748–53. doi: 10.1007/s12282-013-0453-7

7. Pistolese CA, Tosti D, Citraro D, Ricci F, Di Stefano C, Lamacchia F, et al.
Probably benign breast nodular lesions(BI-RADS 3):correlation between
ultrasound features and histologic findings. Ultrasound Med Biol (2019) 45
(1):78–84. doi: 10.1016/j.ultrasmedbio.2018.09.004

8. Segni DM, Soccio VD, Cantisani V, Bonito G, Rubini A, Di Segn , et al. Automated
classification of focal breast lesions according to s-detect: validation and role as a clinical
and teaching tool. J Ultrasound (2018) 21(2):105–18. doi: 10.1007/s40477-018-0297-2

9. Wu J, Zhao Z, Zhang W, Liang M, Ou B, Yang HY, et al. Computer-aided
diagnosis of solid breast lesions with ultrasound: Factors associated with false-
negative and false-positive results. J Ultrasound Med (2019) 38(12):3193–202. doi:
10.1002/jum.15020

10. Ma JF, Chen LY, Wu SL, Xu YY, Yao F, Jin F, et al. Clinical practice
guidelines for ultrasound-guided breast lesions and lymph nodes biopsy: Chinese
society of breast surgery (CSBrS) practice guidelines 2021. Chin Med J (Engl) (2021)
134(12):1393–5. doi: 10.1097/CM9.0000000000001549

11. Bevers TB, Helvie M, Bonaccio E, Calhoun KE, Daly MB, Farrar WB, et al.
Breast cancer screening and diagnosis, version 3.2018, NCCN clinical practice
guidelines in oncology. J Natl Compr Canc Netw (2018) 16(11):1362–89.
doi: 10.6004/jnccn.2018.0083

12. Kapetas P, Clauser P,Woitek R,Wengert GJ, LazarM, Pinker K, et al. Quantitative
multiparametric breast ultrasound: Application of contrast-enhanced ultrasound and
elastography leads to an improved differentiation of benign and malignant lesions. Invest
Radiol (2019) 54(5):257–64. doi: 10.1097/RLI.0000000000000543

13. Dorsi CJ, Sickles EA, Mendelson EB, Morris EA. ACR BI-RADS atlas,breast
imaging reporting and data system. 5th ed. Reston: American College of Radiology
(2013) p. 123–32.
Frontiers in Oncology 08
14. Rao AA, Feneis J, Lalonde C, Ojeda-Fournier H. A pictorial review of
changes in the BI-RADS fifth edition. Radiographics (2016) 36(3):623–39.
doi: 10.1148/rg.2016150178

15. Nakano S, Otsuka M, Mibu A, Oinuma T. Significance of fine
needleaspiration cytology and vacuum-assisted core needle biopsy forsmall
breast lesions. Clin Breast Cancer (2015) 15(1):e23–6. doi: 10.1016/
j.clbc.2014.07.001

16. Han S, Kang HK, Jeong JY, Park MH, Kim W, Bang WC, et al. A deep
learning framework for supporting the classification of breast lesions in ultrasound
images. Phys Med Biol (2017) 62(19):7714–28. doi: 10.1088/1361-6560/aa82ec

17. Bartolotta TV, Orlando AAM, Spatafora L, Dimarco M, Gagliardo C, Taibbi
A, et al. S-detect characterization of focal breast lesions according to the US BI
RADS lexicon: a pictorial essay. J Ultrasound (2020) 23(2):207–15. doi: 10.1007/
s40477-020-00447-w

18. Li J, Sang T, YuWH, Jiang M, Hunag SY, Cao CL, et al. The value of s-detect
for the differential diagnosis of breast masses on ultrasound: a systematic review
and pooled meta-analysis. Med Ultrason (2020) 22(2):211–9. doi: 10.11152/mu-
2402

19. Zhao C, Xiao M, Liu H, Wang M, Wang H, Zhang J, et al. Reducing the
number of unnecessary biopsies of US-BI-RADS 4a lesions through a deep learning
method for residents-in-training: a cross-sectional study. BMJ Open (2020) 10(6):
e035757. doi: 10.1136/bmjopen-2019-035757

20. Kim K, Song MK, Kim EK, Yoon JH. Clinical application of s-detect to
breast masses on ultrasonography: a study evaluating the diagnostic performance
and agreement with a dedicated breast radiologist. Ultrasonography (2017) 36
(1):3–9. doi: 10.14366/usg.16012

21. Fujioka T, Kubota K, Mori M, Kikuchi Y, Katsuta L, Kasahara M, et al.
Distinction between benign and malignant breast masses at breast ultrasound using
deep learning method with convolutional neural network. Japanese J Radiol (2019)
37(6):466–72. doi: 10.1007/s11604-019-00831-5

22. Choi JS, Han BK, Ko ES, Bae JM, Ko EY, Song SH, et al. Effect of a deep
learning framework-based computer-aided diagnosis system on the diagnostic
performance of radiologists in differentiating between malignant and benign
masses on breast ultrasonography. Korean J Radiol (2019) 20(5):749–58. doi:
10.3348/kjr.2018.0530

23. Choi JH, Kang BJ, Baek JE, Lee HS, Kim SH. Application of computer-aided
diagnosis in breast ultrasound interpretation: Improvements in diagnostic
performance according to reader experience. Ultrasonography (2018) 37(3):217–
25. doi: 10.14366/usg.17046
frontiersin.org

https://doi.org/10.3892/ol.2017.6245
https://doi.org/10.5858/2000-124-0966-PFIBC
https://doi.org/10.1007/s10549-010-1318-9
https://doi.org/10.1007/s12282-013-0453-7
https://doi.org/10.1016/j.ultrasmedbio.2018.09.004
https://doi.org/10.1007/s40477-018-0297-2
https://doi.org/10.1002/jum.15020
https://doi.org/10.1097/CM9.0000000000001549
https://doi.org/10.6004/jnccn.2018.0083
https://doi.org/10.1097/RLI.0000000000000543
https://doi.org/10.1148/rg.2016150178
https://doi.org/10.1016/j.clbc.2014.07.001
https://doi.org/10.1016/j.clbc.2014.07.001
https://doi.org/10.1088/1361-6560/aa82ec
https://doi.org/10.1007/s40477-020-00447-w
https://doi.org/10.1007/s40477-020-00447-w
https://doi.org/10.11152/mu-2402
https://doi.org/10.11152/mu-2402
https://doi.org/10.1136/bmjopen-2019-035757
https://doi.org/10.14366/usg.16012
https://doi.org/10.1007/s11604-019-00831-5
https://doi.org/10.3348/kjr.2018.0530
https://doi.org/10.14366/usg.17046
https://doi.org/10.3389/fonc.2022.1030624
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Evaluating breast ultrasound S-detect image analysis for small focal breast lesions
	Introduction
	Materials and methods
	Study design
	Instruments and strategies
	Criteria of US image diagnoses
	Statistical analysis

	Results
	Pathological results
	Diagnostic results of conventional US, S-detect, and co-detect groups
	ROCs and AUC results of different methods

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


